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ABSTRACT 
THE HYDROLYTIC SEPARATION 
OF RHODWM FROM IRIDIUM 
This work concerns studies of two possible methods of 
separating rhodium from iridium. The first method was to complex 
the rhodium(III) and iridium(IV) with ethylenediaminetetraacet ic 
acid and remove the anionic rhodium(III)-EDTA complex by its 
adsorption on an exchange resin. The neutral iridium(IV)-EDTA 
complex was expected to pass through the resin column unaffected . 
The second separation study involved the hydrolytic precipitation 
of rhodium hydroxide in the presence of a soluble and stable 
iridium-EDTA complex. Hence, the rhodium precipitate could be 
filtered from the dissolved iridium complex. 
In the ion exchange separation, experiments were conducted 
to determine if the iridium(IV)-EDTA complexes were neutral and 
could be quantitatively passed through an anionic exchange column 
at pH 11.4 to 12.6. The effects of pH on complexation of EDTA 
with the iridium(IV) ion was studied by varying the pH from 2 to 12 . 
It was found that it was not possible to make a separation on the 
anionic exchange column based upon the charge differences of the 
ions. Only 40 per cent of the iridium complex pas sed through the 
exchange column, while 60 per cent was adsorbed on the resin . 
Work was performed to determine the optimum conditions of 
the hydrolytic separation. It was found that the rhodium(III) 
could be almost quantitatively precipitated in a 2:1 r atio of EDTA 
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at pH 10 . A heating period of 30 minutes at 80- 90° C. and 
treatment with ethyl alcohol was necessary to help eliminate 
the colloid effects . Under these same conditions, the iridium(III) 
or (IV) ion was present as a soluble EDTA complex. These individual 
conditions held as long as only rhodium or iridium was present in 
the solution . In a mixture of the two, adsorption of the iridium-
EDTA complex on the surface of the rhodium hydroxide prevented a 
quantit ative separation . It was possible to separate approximately 
92 to 93 per cent of rhodium from iridium, although each was slightly 
contaminated with the other . 
Dialysis of the dissolved rhodium hydroxide showed that 
approximately seven per cent of the precipitate was in a polymer 
form . The polymer could be broken by treatment with NaBr03 and HCl . 
A procedure for the spectrophotometric determination of 
iridium(III) in the presence of a 2:1 ratio of EDTA and a pH of 
11 .4 to .12 . 6 was formulated . 
All of the iridium samples were quantitatively analyzed using 
spectrophotometric methods involving the complexation of iridium(III) 
or (IV) with EDTA. The tin(II) chloride determination was used 
for all rhodium anal yses . 
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INTRODUCTION 
This research arises from the lack of non- tedious convenient 
separations of rhodium from iridium, which has long been regarded 
as a problem in the analysis of the platinum group metals . The 
uses of these elements in jewelry, alloys, electronic equipment, 
corrosion inhibition, and as catalysts indicate the need for complete 
and rapid separation methods . A n-wnber of separations have been 
described in the literature, such as chromatographic (1, 2), 
extraction (3, 4, 5), ion exchange (6, 7), electrolysis (8), and 
precipitation (9, 10, 11, 12) methods, but all require much time 
or extensive instrumentation . 
With the exception of the work by Gilchrist (10, 11), very 
little attention has been given to hydrolytic reactions in the 
analytical separation of rhodium from iridium. Since MacNevin (1) 
and Kriege (13) had shown that iridium f orms a stable and soluble 
complex with ethylenediaminetetraacetic acid (EDTA) in the presence 
of chloride in both acid and alkaline solutions, it was expected 
that the iridium-EDTA complex in an alkaline solution should remain 
soluble while the rhodium would be precipitated as rhodium hydroxide 
(Rh(OH)3) . Lomakina and Tarasevich (14) reported a soluble EDTA 
complex with rhodium(III) at pH 3 .27 to 5.57. It was shown in 
this laboratory that a precipitate of Rh(OH)3 was formed when EDTA 
was added to a rhodium chloride solution and that solution made 
alkaline. No data were found in the literature concerning the 
precipitation of Rh(OH)3 in the presence of EDTA as a means of its 
separation from i ridium . This combination of an iridium-EDTA 
complex that is soluble and stable in basic solution and the 
hydrolytic precipitation of rhodium(III) suggested that a simple 
and rapid separation of the two elements could be based on the 
observed phenomena . Therefore, the aim of this research was to 
study such a scheme of separation and to determine its optimum 
conditions. 
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The study appeared to divide itself into three general phases. 
The first phase consisted of a study of the possibility of the 
separation of the rhodium-and iridium-EDTA complexes by selective 
adsorption of an anionic rhodium-chloride or EDTA complex on an 
anionic ion exchange resin while a neutral iridium-EDTA complex 
passed unabsorbed through the resin column. It was during this 
portion of the project that interest turned to the hydrolytic 
precipitation of rhodium(III), because separation on the exchange 
column was impossible due to the precipitation of the rhodium 
complex . The second consisted of the experimental studies of the 
optimum pH and EDTA concentration, polymerization and colloidal 
dispersion of the Rh(OH) 3 precipitate, and analytical methods 
development . The last phase concerned the separation of the rhodium 
from the iridium and an investigation into interfering factors such 
as surface adsorption . 
Theory 
According to Welcher (15), the disodium salt of EDTA (assigned 
the generalized formula Na2H2Y4) forms 1:1 soluble complexes under 
ordinary circumstances with most cations. In aqueous solutions 
the complex-forming substance (H2Y- -) should react with cations 
according to the f ollowing equations: 
( 1) Me+++ + H2Y-- MeY- + 2H+ 
(2) Me++++ + H2r - ~ MeY + 2H+ 
If rhodium(III) and iridium(IV) were substituted for the proper 
cations (Me) in the ab ove equations, these complexes should be 
assigned the following structures according to information by 
Schwarzenbach (16): 
Negative Complex Neutral Complex 
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From these structures we can postulate a possible ion exchange 
separation on the basis that iridium(IV) combined with EDTA should 
give a neutral complex (Ir-i-+++ + H2Y-- ~IrY0 + 2H+) and rhodium 
(I II) should give an anionic complex (Rh++++ H2y--~Rhy- + 2H+). 
If a solution containing a mixture of these complexes were passed 
through an anionic exchange resin, the resin should adsorb the 
rhodium complex and leave the iridium complex in the effluent . 
A strongly alkaline sol ution appeared the best since MacNevin and 
Kriege (17) showed that the iridium-EDTA complex gave an absorbancy 
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maximum at pH 11 . 4 - 12 . 6, which indicates stability in basic 
solution . Kriege (13) assigned the iridium(IV)- EDTA complex the 
probable f ormulas of H2Ir2Yc18-- and Ir3Yc112---. It was assumed 
that the iridium(III) would be oxidized to iridium(IV) by treatment 
with chlorine gas without affecting the rhodiurn(ITI) ion . 
During the investigation of the separation of the two elements 
following the above theoretical scheme, it was observed that when 
rhodiurn(III) and iridiurn(TII) or (IV) were in a mixed solution 
with sufficient EDTA of pH 4 or greater, a precipitate of rhodium 
hydroxide formed and the iridium remained in the solution as a 
soluble complex. Since MacNevin and Dunton (1) reported no evidence 
was found for complexation of rhodium(III) with EDTA in chloride 
solution, the precipitation was represented by the following 
equations: 
[Rh(OH) (6 01-J 
OH-
The equations show that an increase in the hydroxide-ion concen-
tration tends to shift the equilibrium to the right and hence cause 
precipitation of the metal hydroxide. As an example, Chaberek and 
Martell (18) report that the tendency of the Fe(III) ion to hydrolyze 
is so great that the ferric-EDTA chelate is less stable than ferric 
hydroxide in solutions with a hydroxide ion concentration greater 
than 10- 6 M. This is why ferric hydroxide precipitates from 
ferric- EDTA solutions above to pH 8 and appears to be similar to 
what t akes pl ace with rhodium(III) in EDTA above pH 4. 
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The separation study was based on the indications that the 
rhodium would precipitate in alkaline solution, whereas the soluble 
iridium-EDTA complex would be stable in alkaline solution. 
EXPERil-IBNTAL 
Analyses 
All iridium samples were quantitatively analyzed using the 
spectrophotometric method of MacNevin and Kriege (17). 
The tin(II) chloride (19) spectrophotometric determination 
of rhodium was used for all rhodium analyses. This analysis was 
chosen because iridium does not interfere with rhodium and it is 
probably the best spectrophotometric procedure available . 
Apparatus 
A Beclanan, Model DB, spectrophotometer with matching 1.000 cm. 
cells was used for the analysis of the iridium solutions. Constant 
sensitivity was maintained by a manual slit width of 1. 15 mm. A 
Bausch and Lomb, Spectronic 20, spectrophotometer with matched 
glass cuvettes was employed to measure the absorbancies of the 
rhodium solutions. The pH measurements were made using a Fisher 
Titrimeter equipped with Beclanan general purpose glass and saturated 
calomel electrodes . The ion exchange was a So ml . buret cut down 
approximately one-half in length. The resin bed was 7 to 8 cm. in 
depth. A Beckman, Model G., Battery-operated glass electrode pH 
meter was used to check solutions and the titrimeter. An infra-red 
lamp was used .for evaporation of liquid samples. 
Reagents 
Rhodium and iridium trichlorides were used for the preparation 
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of the stock solutions and was purchased from A. D. MacKay, Inc . 
The ethylenediaminetetraacetic acid, disodium salt, was obtained 
from the Eastman Organic Chemical Company . The resin utilized for 
the exchange column was Dowex l -X8, 50 to 100 mesh, and was obtained 
from the Baker Chemical Company. A packaged dry powered Beckman, 
pH 6.86, buffer (mixed in deionized water and kept in an inert bottle) 
was used to calibrate the titrimeter and pH meter . All other 
chemicals used were of reagent grade . 
Standardization and Purification of Solutions 
The stock solutions of rhodium and iridium were prepared by 
dissolving, respectively, 4 . 531 and 3 . 993 grams of the trichlorides 
in one liter of 0. 3 M hydrochloric acid . The rhodium solution was 
then standardized by the tin(II) chloride method (19) against a 
known concentration (2 . 24 mg . /ml . ) of rhodiuro(III) solution, which 
had been standardized by the method of Gilchrist (11). A portion 
of the iridiuro(III) solution was oxidized to iridium(IV) by chlorine 
gas and was standardized by EDTA procedure of MacNevin and Kriege 
(17) against a known concentration (3.04 mg . /ml.) of iridium(III). 
The concentration of the rhodium s t ock solution was determined to 
be 1 . 94 mg . /ml . and that of iridium 1 . 82 mg./ml. The disodium salt 
of EDTA was purifi ed by the method of Blaedel and Knight (20) and 
was made into a 0 . 1 M solution . 
Selected Experiments in Ion Exchange Separation 
Iridium Compl ex . Experiments were conducted to determine 
if the iridi um complex was neutral and coul d be quantitatively 
passed through an anionic ion exchange column . The anionic 
exchange resin , Dowex 1- XS, was washed in successive operations 
as a batch process with water, 6 M hydrochloric acid, and again 
with water . The resin was then packed into the buret and was 
washed with 6 M hydrochloric acid with the excess acid being 
washed out with water . The resin was saturated with 0.1 M EDTA 
solution . 
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The samples taken for passage through the exchange column 
contained 3.04 mg . of iridium(III) oxidized to iridium(IV) using 
chlorine gas. The color of dilute iridium(III) chloride solution 
is a yellowish orange whereas the iridium(IV) solution is a deep 
scarlet red. Sufficient disodium EDTA solution was added to 
provide 2 to 3 millimoles for each millimole of iridium present. 
The pH was adjusted to 11 . 4 - 12 . 6 with 1 M potassium hydroxide . 
The solutions were heated on a water bath at 80- 90° C. for 10 
minutes and cooled to room temperature . The samples were passed 
through the exchange column and the column was washed five times 
with water . A greenish coloration appeared adsorbed on the top 
1 cm. of the resin . The eluates were evaporated slowly to dryness, 
and aqua regia was added, then evaporated until the organic material 
was decomposed. The last traces of nitrate were removed by adding 
concentrated HCl and evaporating . The samples were diluted with 
water and treated with chlorine gas to oxidize the iridium to 
iridium(IV) . The chlorine was boiled off and the samples analyzed 
for iridium according to the MacNevin and Kriege method (17) 
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using the Beckman DB at a wave length of 313 m and a slit width of 
1 . 15 mm . The results of six samples are given in Table I . 
The data from Table I indicate that approximately 40 per cent 
of the iridium(IV)-EDTA complex was in the neutral or cationic 
form and that 60 per cent was in anionic form . This means that 
not all of the iridium is in anionic form as stated by Kriege (13). 
A quantitative separation from the proposed anionic rhodium(III)-
EDTA complex therefore would not be possibl$ on the basis of charge 
differences . Hence, no attempt was made to obtain results of the 
adsorption of the rhodium complex on the resin column, although 
work by MacNevin and Crummett (21) indicate 95 per cent can be 
recovered from the resin . 
Effects of _E!! Complexation. It was then decided to determine 
the effects of pH on the complexation of the EDTA with the iridium(IV) 
ion to learn if a more quantitative separation of the resin could 
be obtained . The same procedure was followed as described above, 
except that ~he pH was varied and the original solution contained 
15 . 2 mg. of iridium(IV) . The results of this experiment are 
shown in Figure 1 . 
The results in Figure 1 show that approximately 40 per cent 
of the iridium- EDTA complex is the maximum amount which can pass 
the resin column at any pH . The data recorded in Table I and 
Figure 1 indicate that a separation of rhodium(III) from iridium 
(IV), based on the formation of differently charged complexes, 
is not possible . 
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TABLE I . Quantitati ve Results of Iridium(IV) in Effluent After 
Passing Iridium(IV)-EDTA Complex Through an Anionic 
Exchange Column 
Mg . Mg . Percentage 
Taken Recovered Passing Column 
3.04 1.20 39 .5 
3.04 1.29 42.4 
3.04 0. 70 23 . 0 
3.04 1.26 41.4 
3.04 1.28 42 .1 
3.04 1.44 47 .4 
Average 1.19 39 .3 
12 
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The separation of rhodium from iridium on the ion exchange column 
was not possible because a portion of the iridium complex was 
adsorbed on the resin and the rhodium-EDTA complex precipitated 
as a rhodium hydroxide when the solution was adjusted above pH 4. 
This observation was encouraging, since it appeared that the 
iridium remained in a soluble complex, and a separation could be 
obtained by precipitating Rh(OH)3. 
When 11.20 mg. of rhodium(III) was combined with a two fold 
excess EDTA and the pH was adjusted with KOH, a precipitate 
appeared above the range of pH J.5 to 4. A series of samples 
was precipitated at varied pH's to determine the pH range of 
maximum precipitation. The solutions were filtered using Schleicher 
and Schuell 589 Red Ribbon filter paper and an aliquot of the 
filtrate analyzed for rhodium concentration by the tin(II) chloride 
method. 
Although Gilchrist (11) reports a complete hydrolytic precipi-
tation of rhodium hydrated dioxide at pH 6 in the presence of 
sodium bromate, it was found that only a partial precipitation of 
Rh(OH) 3 occurs at this pH when EDTA and no NaBro3 is added. The 
results are shown in Figure 2. With an increasing value of the 
pH of the solution, an increasing tendency for the formation of 
rhodium hydroxide occurs, although the rhodium is amphoteric in a 
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very strongly basic solution (abov~ pH 12 . 5) . 
From the curve obtained in Figure 2, it appeared that the 
best pH range of precipitation was between pH 9.5 and 11 . 5 . 
Considerable work was performed in this range to determine exactly 
the best pH to be used. Samples were prepared as previously stated 
and the pH was varied between 9.5 and 11 .5. In these rhodium 
samples, only the filtrates were analyzed with the assumption that 
any rhodium not in the filtrate was precipitated. Results of this 
series of determinations are shown in Figure J. 
On the basis of the filtrate analyses, it was established that 
pH 10 was the optimum pH for the best quantitat ive precipitation 
of rhodium hydroxide in the presence of EDTA. It was decided to 
confirm this conclusion by analysis of the precipitate of a series 
of samples having variations in pH . The results of this attempt 
also established that pH 10 gave t he best quantitative precipitation 
of rhodium . These results are shown graphically in Figure 4. 
Effects of Various Concentrations of Ethylenediaminetetraacetic 
~~Rhodium Precipitation . The next step in the development 
of the optimum conditions for the precipitation of the rhodium as 
rhodium hydroxide was to determine the most favorable ratio of EDTA 
to the rhodium in solution . Because the iridium complexation was 
limited to a two to three mole excess of EDTA, it was decided to 
investigate up to a 5 to 1 ratio . These studies were made at pH 10 
using a solution containing 9. 71 mg . rhodium(III) . The rhodium 
solution was considered to be 0 . 02 molar and that of EDTA 0 .1 molar . 
The results of this experiment indicated that the 2:1 ratio gave 
12 . 0 
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the best precipitation . This ratio is in agreement with the ratio 
used in the complexation of the iridium .with EDTA . Figure 5 gives 
the data obtained . 
Development of Method for Analysis of the Dissolved Rhodium 
Precipitate . Considerable time and effort were spent determining 
and checking the best method of analysis for the precipitated 
rhodium hydroxide. This was necessary since it was observed that 
low results were obtained by dissolving the precipitate in hydro-
chloric acid and analyzing by the tin(II) chloride method . It was 
determined that treatment of the dissolved hydroxide by chlorine 
gas or NaBr03 caused an apparent increase in the rhodium content 
of the precipitate. This increase ranged from 5.2 per cent to 
12 . 0 per cent additional rhodium. Best results were obtained with 
NaBro3 • The low analytical results are believed to be the result 
of polymerization of a portion of the rhodium(III) upon precipitation 
as a hydroxide . The polymers were apparently formed in the rhodium 
hydroxide precipitate and were resistant to hydrolysis by the 
dissolving acid. The presence of polymers was confirmed by dialysis 
and results are shown in this thesis . The results of the polymerization 
are given in Table II . One of the methods employed to break up the 
polymers was treatment for 10 minutes with chlorine gas . The other 
was reprecipitation at pH 6, adding one g. of (NaBr03), evaporating 
nearly to dryness, redissolving in HCl, and again evaporating to 
dryness . The sample was then diluted with water and analyzed . 
Confirmation of Polymerization of Dissolved Rhodium Precipitate . 
To determine if polymerization of the rhodium hydroxide precipitate 
SAMPLE: 9 .71 mg. Rh .(III) 
1 15 
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TABLE II . Effects of the Chlorination and Sodium Bromate Method 
on Analysis of the Rhodium Precipitate* 
No Treatment Chlorination NaBrO~ 
Mg . Rh . Mg . Rh . Mg . R . 
8.55 9. 20 (7.1%) 9.35 (8 .6%) 
8.90 9.70 (8 . 2%) 9.75 (8 .7%) 
8. 30 8.52 (2 .1%) 9.51 (12 . 7%) 
8.52 8-82 (3 .4%) 9.38 (9 . 2%) 
8.82 9.10 (3 .1%) 9.30 (5 . 2%) 
8.10 8 .ss (4 .1%) 9. 20 (12.0%) 
* The percentage increase in recovery of rhodium by treatment 
with Cl2 or NaBr03 over that receiving no treatment is given 
in parenthesis . 
20 
was occurring, it was decided to dialyze a 41 .48 mg. sample of 
rhodium hydroxide precipitate after dissolution in hydrochloric 
acid . The solution was placed in a cellophane dialysis tube 
(semipermeable membrane) and suspended in water (the pH was kept 
below 3) which was continuously being renewed . This condition 
was maintained for 21 .5 hours . At the end of this time, the 
membrane still retained 2. 89 mg . of rhodiurn(III) . This was 7.0 
per cent of the original concentration . This figure of 7. 0 per 
cent corresponds closely with the amount of increase found after 
treatment of a sample with chlorine or sodium bromate in order to 
break up the polymer before analysis . It appears to confirm the 
existence of polymers in the solution . 
Development of Method of Separation of Rhodium Precipitate 
from Solution . Probably the most troublesome aspect of the entire 
research was that part pertaining to the separation of the 
precipitated rhodium hydroxide from the supernate . The quantitative 
handling of the trivalent rhodium hydroxide is very difficult 
because it precipitates as a lemon yellow hydroxide which set tles 
slowly and has a tendency to become colloidal, especially when 
washed . This condition was exactly opposite to the tetravalent 
rhodium which precipitates as an olive- green hydroxide and showed 
no tendency toward colloidal formation. A large number of experi-
ments were conducted in the effort to find the most suitable method 
for separation . The four most promising methods found were (1) 
the addition of ethyl alcohol, (2) heating on a hot water bath at 
80 to 90° C. for 30 minutes , (3) boiling carefully on a hot plate 
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for 10 minutes, and (4) titration of the sample with calcium 
chloride i n order to tie up any excess sequestering agent before 
precipitation . The addition of alcohol appeared to cause better 
flocculation of the colloid-like precipitate, speed filtration, 
and avoid the troublesome colloidal effect when washing the filter 
paper . The results of these experiments are shown graphically 
in Figure 6. 
Effects of Various Periods of Heating at 80-900 C. Recovery 
of Precipitated Rhodium(III) . To determine which period of heating 
on a hot water bath a.t 80-90° C. gave the best hydrolytic precipi-
tation and recovery of rhodium, six samples were precipitated and 
heated various periods of time ranging from Oto 4 hours . The 
results are given in Figure? . The 30 minute heating period was 
the minimum time which gave the best recovery of rhodium . 
Development of Procedure for Precipitation of Rhodium and 
its Separation from~ Solution. The investigation had now 
progressed to the point where the optimum conditions necessary 
for the precipitation and separation of the rhodium(III) from the 
supernate were known . These conditions were incorpor~ted into the 
following recommended procedure : 
(1) Add 2:1 molar ratio of EDTA to rhodium to the sample . 
(2) 
(3) 
Adjust the sample to pH 10 using potassium hydroxide . 
Heat the solution on a hot water bath for 30 minutes 
at 80-90° C. 
(4) Cool the sample and add an equal volume of 95 per cent 
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(5) Filter the alcoholic solution through S & S 589 r ed 
ribbon filter paper and wash with a 50 per cent 
alcoholic solution. 
(6) Adjust the filtrate to pH 6; add 1 g . of solid sodium 
bromate and evaporate nearly to dryness. Add 5 ml. of 
concentrated HCl and reduce nearly to dryness. The 
sample is diluted with water and analyzed. 
(7) Dissolve the precipitate in hot 6 M HCl and treat this 
sample as the filtrate in (6) above and analyze. 
Using the recommended procedure, a series of rhodium(III) samples 
was prepared and analyzed . The results are given in Table III. 
It was found that an average of 98 . 03 per cent of the rhodium could 
be precipitated and recovered. The range was 97 . 32 to 99 .38 per 
cent precipitation. 
Preparation of Standard Curves for Analysis of Iridium(III). 
Before attempting to make a hydrolytic separation of rhodium(III) 
from iridium, it was decided to investigate if it were necessary 
to oxidize the iridium(III) to iridium(IV) prior to making the 
separation . The same color change (red to very pale green) was 
noticed when iridium(III) or iridium(IV) was sequestered by EDTA. 
Using the procedure of MacNevin and Kriege (17) it was found that 
Beer ' s law (22) is reproducibly satisfied at 5 to 60 mg./1 . of 
iridium(III), as it was for iridium(IV). Further investigation 
showed that the iridium(III) complex was as stable as the iridium(IV) 
complex when the rhodium was being precipitated . The same amount 
of rhodium was precipitated in either iridium complex. A comparison 
TABLE III. Resul ts of Analysis of Rhodium(III) Separated by 
Hydrolytic Precipitation Using the Recommended 
Procedure 
Rh . Taken Rh . Found in Rh . Found in Total Rh. 
Mg . Precipitate, Mg . Filtrate, Mg . Recovered, Mg . 
9.71 9.50 0.17 9.67 
9.71 9.45 0.18 9.63 
9. 71 9.50 0.20 9. 70 
9.71 9.45 0.17 9.62 
9. 71 9.55 0.15 9.70 
9. 71 9.50 0.16 9.66 
9.71 9.51 0.16 9. 67 
9. 71 9.50 0.18 9.68 
9.71 9.59 0.10 9.69 
9.71 9.55 0. 22 9. 77 
9. 71 9.65 0.12 9. 77 
Average 9.52 0.16 9.69 
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of the iridium(IV) and iridium(III) standard curves are given in 
Figure 8 and 9 respectively. No attempt was made to determine 
the wa e length of maximum abso1bancy of the iridium(III) solution. 
The same wave length of 313 m as used by MacNevin and Kriege (17) 
for the determination of iridium(IV) was employed Use of the 
iridium(III) complex eliminates the step of oxidation of the samples 
to iridium(IV). In their work on the spectrophot metric determination 
of iridium, MacNevin and Kriege (17) did n t indi ate the EDTA 
cheltion of iridium(III) can be used for the spectrophotom tric 
determination of iridium under nearly the same onditions that 
their method with iridium(IV) can be used. 
Study of the Hydrolytic Separation of Rhodium from Iridium. 
Sufficient data and optimum conditions were known for an attempted 
hydrolytic separati n of rhodium from iridium in the presence f 
EDTA . A mixed sample of 9.71 mg. of rhodium(III) and 9 .12 mg. of 
iridium(III) were treated as follows: 
(1) A 2 :1 ratio f EDTA -~o rhodium and iridium was added. 
(2) The solution was adjusted to pH 10 using KOH . 
(3) The sample was heated at 80-90° C. for 30 minut sand 
then cooled. 
(4) An equal volume of ethyl alcohol wa added t the s luti n 
(5) The sample was filtered and the preci itate was washed 
with So per cent aqueous al ohol. 
(6) The filtrate was evap rated under an infra-red lamp t 
expel the ethyl alcohol and then was adjusted to pH 
range 11.4 - 12.6 and analyzed fr iridiums ectrophoto-
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(7) The rhodium hydroxide precipitate was dissolved in the 
minimum amount of hot 6 M HCl . 
(8) An aliquot was adjusted to pH 6 and 1 g. of sodium 
bromate was added. 
(9) The sample was evaporated almost to dryness under the 
infra-red lamp. 
(10) 5 ml. concentrated HCl was added to the sample . It was 
evaporated just to dryness, diluted with water, and 
analyzed for rhodium by the tin(II) chloride method. 
When the mixed sample in the presence of EDTA was adjusted to pH 10 
with KOH, the rhodium was precipitated as a lemon yellow hydroxide 
and the supernate (iridium-EDTA complex) was a slightly greenish 
color . But upon heating and filtering, a portion of the soluble 
greenish complex of iridium apparently was adsorbed on the surface 
of the crystals of the rhodium hydroxide . The exact nature of the 
sorption was not investigated, although Mysels (23) states that 
this is the result of any of the attractive forces (electric, van 
der Waals, and chemical) exerted between the sorbate and sorbent. 
The iridium adsorbed on the rhodium hydroxide could not be washed 
from the precipitate . The results of the analyses are given in 
Table IV. An attempt was made to determine if reprecipitation of 
the rhodium hym~oxide would eliminate the sorbed iridium . The 
same procedure was followed as that in preparation of the mixed 
samples in Table IV, except that the rhodium precipitate was 
dissolved, reprecipitated, and refiltered with the second filtrate 
being combined with the first . The results of this attempt to 
TABLE IV. Results of the Hydrolytic Separation of Rhodium from Iridium in the Presence of EDTA 
at pH 10 
Concentration of Concentration of Rhodium in Rhodium in Iridium in Iridium 
Rhodium in Mixed Iridium in Y.d.xed Precipitate, Mg . Filtrate, Mg. Filtrate, Mg. Adsorbed, Mg. 
Sam:ele z M~. S~le 2 M~ . 
9.71 9.12 8.28 1.60 8.1.5 0.97 
9.71 9.12 8.98 0.90 8.1.5 0.97 
9.71 9.12 a.so 1.43 8.40 0.72 
9.71 9.12 8.10 1.72 s.4o 0.72 
9.71 9.12 8-80 1.43 8.40 0.72 
9.71 9.12 8.32 1.4.5 s.4o 0.72 




eliminate the sorbate from the sorbent are given in Table V. 
In order to eliminate the adsorption of the iridium complex 
on the rhodium precipitate, various modifications in the procedure 
were tested . These studies consisted of precipitating the rhodium 
in cold solution, heating before adjusting pH, heating for several 
hours, complexing the two metals with sulfuric acid, and NH3, which 
was subsequently boiled off, and treatment with potassium iodide. 
A study was also made to determine if the more negative calcium-EDTA 
complex would be more strongly adsorbed on the hydroxide than the 
iridium complex. These procedures showed no improvement over the 
previous method of reprecipitation. From the results of the 
separations shown in Tables IV and V, it was concluded that the 
optimum conditions of rhodium precipitation and iridium complexation, 
which hold true for each species in separate solutions, do not hold 
true in a mixture. This is apparent ly due to adsorption of the 
iridium-EDTA complex on the Rh(OH)3 surface and a less efficient 
precipitation of rhodium in the presence of iridium. The iridium 
unaccounted for in the analyses of the filtrates must have been 
adsorbed. This adsorption changed very little by reprecipitation 
of the Rh(OH) 3 or by other methods of masking or selective 
adsorption that were attempted. 
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TABLE V. Results of the Hydrolytic Separation of Rhodium from Iridium in the Presence of EDTA at 
pH 10 with Reprecipitation of the Rhodium Hydroxide 
Concentration of Concentration of Rhodium in Rhodium in Iridium in Iridium 
Rhodium in Mixed Iridium in Mixed Precipitate, Mg. Filtrate, Mg. Filtrate, Mg . Adsorbed, Mg . 
S~le2 Ms; . San!Ele z MEii . 
9.71 9.12 9.02 o.65 s .60 0.52 
9. 71 9.12 9. 21 0.40 s . 20 0.92 
9.71 9.12 s. ao 0.83 8.15 0.97 
9.71 9.12 9.12 0.55 a .5o 0.62 
CONCLUSION 
The separation of rhodium(III) from iridium(IV) by complexing 
the ions with EDTA and chloride and passing the complexes over an 
anionic exchange resin to remove the rhodium complex was studied. 
It was found that approximately ~-0 per cent of the iridium(IV) 
complex existed in a neutral or cationic form and that the remainder 
was in an anionic form. Therefore, no separation was possible based 
upon charge differences of the iridium-and rhodium-EDTA complexes . 
In the study of the hydrolytic separation of rhodium from 
iridium in the presence of EDTA, it was found that the rhodium(III) 
could be precipitated nearly quantitatively when in solution 
without iridium. The iridium-EDTA complex behaved as a soluble 
stable complex at pH 11.4 to 12 . 6 (and pH 10) as long as it was 
the only species present in the solution. When the two species 
were in a mixed solution, adsorption of the iridium-EDTA complex 
on the surface of the rhodium hydroxide crystals prevented the 
quantitative separation of the ions. In the presence of the 
iridium-EDTA complex, the precipitation of the rhodium was approxi-
mately five per cent lower than if rhodium were the only species 
present . The method was capable of separating approximately 93 
per cent of rhodium and 92 per cent of iridium from a mixed solution 
containing 9.71 mg . of rhodium and 9.12 mg . of iridium. The separated 
rhodium was contaminated with approximately eight per cent adsorbed 
iridium. The solution containing the separated iridium contained 
approximately seven per cent rhodium in a dissolved or colloidal form . 
It was found that polymerization of the Rh(OH)3 occurred 
during its hydrolytic precipitation . It was necessary to use 
NaBr03 as an oxidizing agent to break the polymers in order to 
achieve a spectrophotometric quantitative analysis. 
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It was possible to complex iridium(III) with EDTA at pH 11 .4 -
12 . 6 for use as a method for the spectrophotometric determination 
of iridium(III) . The procedure is as reproducible as the 
iridium(IV)-EDTA method, but is slightly less sensitive . 
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